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Abstract. Tungsten carbides (WC) are widely used as wear resistant components such as seal, 
valves, rings, nozzle and bearings. But in some processing operations, the environment necessarily 
includes severe corrosion or extremes of temperatures. In paper reveal, the corrosion performance 
of commercial cobalt tungsten carbide (WC-6%Co) and nickel tungsten carbide (WC-9%Ni) in 
seawater with 3.5% salinity. The experiment was performed in four different temperatures (20̊C, 
40̊C, 60̊C and 80̊C) and the surface structure by corrosion attack was reveal under SEM. The Icorr 
value of WC-9%Ni is lower than WC-6%Co, elucidate that WC-9%Ni is better in corrosion 
resistance compare to WC-6%Co. As the temperature increased, the corrosion rate for every 
material increased as expected. Decreasing in hardness value for both materials reveal that, the 
material’s hardness decrease after corrosion has attacked. 
 
Introduction 
The definition of a cermets material is the combination of a metal to a nonmetal, which is 
ceramic (cer) and metallic (met) materials [1]. It is the addition of the metallic binder such as cobalt 
(Co) or nickel (Ni) that makes the cemented carbide (WC-Co) cermets and differentiates it from 
truly brittle materials which is from a ceramic group. Tungsten carbides (WC) are widely used as 
wear resistant components such as seal, valves, rings, nozzle and bearings. But in some processing 
operations, the environment necessarily includes severe corrosion or extremes of temperatures. The 
combination of heat and pressure closes all of these small pits of finely divided carbine grains held 
together in a skeletal structure by binder material such as cobalt and nickel. When carbide corrosion 
occurs, it is usually only the binder material which corrodes [2]. Therefore, it is necessary to 
consider the corrosive compatibility of the binder and the corrosive media. Furthermore, when 
carbide corrodes, the binder is generally dissolved from the surface of the material leaving the weak 
skeletal surface structure of the carbide grains.  
Pitting is one type of localized corrosion which is the most destructive and insidious forms of 
corrosion and will cause equipment to fail suddenly. It also occurs when oxide passive film is not 
immediately re-passivate and had been damage chemically. According to Robert Baboian (2005), 
the shape of pitting corrosion can only be identified through metallography where a pitted sample is 
cross-sectioned [3]. There are many factor can caused pitting corrosion such as chloride, pH and 
oxygen (it may cause the formation of oxide at the pitting and lead to damaged passive film). A 
material's resistance to pitting corrosion is usually evaluated and using critical pitting temperature 
(CPT), accordance with the ASTM Standard. 
 
Experimental Procedure 
Corrosion attack may have influence to metal’s properties. The hardness of cermets WC-6%Co 
and WC-9%Ni was identified by Rockwell Hardness tester while electrochemistry was identified by 
using Potentiostat in conjuction with three electrodes (working electrode (WC-6%Co and WC-
9%Ni), reference electrode (saturated calomel electrode-SCE) and counter electrode (graphite)). 
 WC-6%Co and WC-9%Ni with area 0.28 cm2 for WC-6%Co and 1.13 cm2 for Wc-9%Ni was 
soldered with connection wire and embedded in resin by cold mounting to avoid any void at the 
edges which may cause crevice corrosion. Electrochemistry test was run using linear polarization 
resistance (LPR) and Tafel plot. Then the corrosion rate was identified by using Faraday’s Law at 
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 temperature 20oC, 40°C, 60°C and 80°C (pH=7). Tangent of resistance was read between +-20mV 
from OCP. The changes of the surface microstructure before and after the corrosion attack was 
observed by using Scanning Electron Microscopy (SEM). 
 
Results and Discussion 
Fig 1 was generated from the electrochemical test data in seawater with 3.5% salinity at 20°C. 
Fromn the Tafel plot, both samples are outstanding in corrosion resistance. The value of Icorr and 
Ecorr can be determined by extrapolated linear sections from the anodic and cathodic curves of Tafel 
plot. From this figure, the corrosion current density, Icorr for WC-9%Ni is 214 A/cm2 and WC-
6%Co is 1.6 A/cm2. The Icorr values impart the following data which is the higher value of Icorr 
indicates metal possesses less corrosion resistance under the polarization resistance status and lower 
values of Icorr show material had better corrosion resistance at certain condition. The Ecorr value 
reveals that WC-9%Ni is higher (-0.116V) than WC-Co (0.352V).  
 
 
 
Figure 1: Tafel plot for WC-6%Co and WC-9%Ni 
 
As the temperature increased, the corrosion attack for both materials are increased as expected 
(Fig 2). The Icorr value for cobalt tungsten carbide rise much faster than nickel tungsten carbide with 
increase temperature. WC-9%Ni performs more stable  than WC-6%Co in every temperature. 
Increasing temperature affects the kinetic of the corrosion process but does not appear to change the 
corrosion mechanism.  
 
 
 
 
 
 
 
 
 
 
Figure 2: The comparison in Icorr and corrosion rate 
 
Table 1 shows the value of electrochemistry data for both materials and Fig 3 reveal the 
difference hardness value before and after corrosion attack. It can be seen that at every temperature, 
the hardness decreased after corrosion has attacked. The comparisons of performance for both 
materials are presented in Table 2. The ranking are based on Table 3. 
 
 
 
136 Advances in Mechanical, Materials and Manufacturing Engineering
 Table 1: Comparison of nickel tungsten carbide (WC-6%Co) with cobalt tungsten carbide (WC-
9%Ni) in seawater with 3.5% salinity at different temperatures (20°C, 40°C, 60°C and 80°C) 
 Temperature (°C) Icorr (µA) Ecorr (V) OCP 
Corrosion 
rate 
(mm/year) 
Corrosion 
rate 
(mpy) 
WC-
6%Co 
20 1.554 -0.352 -0.350 0.041 0.226 
40 5.588 -0.246 -0.250 0.149 0.793 
60 8.757 -0.308 -0.310 0.224 1.245 
80 11.587 -0.239 -0.240 0.336 1.628 
WC-
9%Ni 
20 0.215 -0.116 -0.115 0.025 0.034 
40 0.213 -0.297 -0.300 0.027 0.037 
60 0.571 -0.266 -0.260 0.067 0.090 
80 1.188 -0.149 -0.149 0.139 0.189 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The hardness value for WC-6%Co and WC-9%Ni 
 
 
Table 2: Summarize of relative resistance condition for WC-6%Co and WC-9%Ni 
 20°C 40°C 60°C 80°C 
WC-6%Co Outstanding Outstanding Excellent Excellent 
WC-9%Ni Outstanding Outstanding Outstanding Outstanding 
 
 
Table 3: Comparison of MPY with equivalent Metric-Rate expressions [8] 
Relative to corrosion rate mpy mm/yr 
Outstanding <1 <0.02 
Excellent 1-5 0.02-0.1 
Good 5-20 0.1-0.5 
Fair 20-50 0.5-1 
Poor 50-200 1-5 
Unacceptable 200+ 5+ 
 
Table 4 shows the surface morphology of WC-6%Co and WC-9%Ni before and after the 
corrosion attack. It can be seen that, at all four temperature, there is no pitting occurred. But, WC-
9%Ni performed better in corrosion resistance because it show outstanding result to corrosion 
resistance at temperature (20°C, 40°C, 60°C and 80°C) while WC-6%Co only shows outstanding 
result to corrosion resistance at temperature 20°C and 40°C only. For corrosion test at temperature 
60°C and 80°C, the result for level of corrosion resistance in seawater for WC-6%Co is down form 
outstanding to excellent. But, from SEM image, no pits are identified. It is because, for WC-6%Co 
only corroded at the WC-Co interface while WC-6%Co shows high corrosion rate at high 
temperature because of the active behavior of cobalt (Co). So, it can be conclude that, the surface 
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 morphology of both materials did not change much after the corrosion test. Pitting corrosion can be 
observed by SEM when there is a pitted surface which becomes dull in appearance. It is occur when 
carbide corrodes, the binder (Co) is generally dissolved from the surface of the material leaving the 
weak skeletal surface structure on the grain.  
 
 
Table 4: The SEM image 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
The corrosion rate of WC-6%Co and WC-9%Ni progressively increased as the temperatures 
increases in an almost linear manner. Increasing temperature affects the kinetic of the corrosion 
process but does not appear to change the corrosion mechanism. WC-9%Ni is better in corrosion 
resitance than WC-6%Co because WC-9%Ni has lower value of Icorr. The higher value of Icorr 
indicates metal possesses less corrosion resistance under the polarization resistance status and lower 
values of Icorr show material had better corrosion resistance at certain condition. As the temperature 
and corrosion rate increased, the hardness for both materials is decreased.    
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